Stress de ned in terms of perceptions of uncontrollability and unpredictability has been one of the central issues in behavioural medicine, partly because of its negative impact on physical and mental health [1] . Though recent studies have underlined the e ects of stress on brain functioning, stress-related changes in cognitive processes of emotion regulation have been under-investigated [2] .
Introduction
Stress de ned in terms of perceptions of uncontrollability and unpredictability has been one of the central issues in behavioural medicine, partly because of its negative impact on physical and mental health [1] . Though recent studies have underlined the e ects of stress on brain functioning, stress-related su cient to cause de cits in executive functions such as working memory, attentional set-shifting and cognitive flexibility; these de cits are associated with the impairment of the PFC (see [22] for review). In humans, stress induction resulted in a signi cant decrease in reward-related responses in the medial PFC [23] . Furthermore, stress in terms of perceived uncontrollability was associated with blunted neural responses in the medial PFC [24] . In line with these ndings, exposure to high or very high levels of stress was shown to impair hippocampus-and prefrontal cortex-related functions such as explicit memory and exible reasoning (see [25] for review).
It is therefore reasonable to assume that stress would lead -via impaired PFC and executive functioning -to a reduced use of executive and an increased use of non-executive cognitive emotion regulation strategies.
We found only one study exploring the direct e ect of stress on the cognitive control of emotion. Raio et al. [2] found that an experimentally stressed group was less able to apply a previously acquired cognitive regulatory strategy including reappraisal than an unstressed control group. In discussing their ndings, these authors concluded that under stressful conditions -precisely when control is most needed -cognitive regulation may be ineffective at controlling emotional responses.
In another study, Geisler et al. [8] found that an increase in executive cognitive emotion regulation mediated the positive e ect of higher resting heart rate variability (HRV) on subjective well-being. HRV was previously shown to be associated with executive functioning [26, 27] and the activity of the PFC [28] , and has also been suggested to be a biomarker for stress [21] , so these results provide indirect support for the hypothesis of Raio et al. [2] .
The aim of our study was to investigate the hypothesized role of a broader range of executive and non-executive emotion regulation strategies in mediating the wellestablished association between psychological stress and anxiety. According to the hypothesis of Raio et al. [2] , the use of speci c cognitive strategies would depend on perceptions of stress. Specifically, higher perceived levels of stress may be associated with the use of more non-executive cognitive strategies (for example self-blame, rumination, and catastrophizing) and fewer executive strategies (for example positive reappraisal or positive refocusing). The use of non-executive strategies is predicted to be related to increased stress-related anxiety, while the use of executive strategies is predicted to mediate lower levels of anxiety. 
Experimental Procedures

Measures
Cognitive Emotion Regulation Questionnaire (CERQ) [14] . To assess cognitive strategies of emotion regulation, we used the CERQ, which is a multidimensional self-report measure consisting of 36 Likert-type items (from 1, almost never to 5, almost always), with nine subscales targeting intercorrelated but conceptually di erent cognitive coping strategies. Higher scores represent greater use of the specific strategy. For categorization of the cognitive strategies into executive and non-executive groups, we followed the results of Geisler et al. [8] . According to their factoranalytic study, self-blame (the appraisal of the [30] .
In this study, alpha scores were acceptable for acceptance (α = 0.67) and ranged from 0.70 to 0.88 for the other subscales, which indicates good to very good internal consistencies. 
Perceived Stress Scale, 4-item version (PSS4)
[
Trait subscale of the State-Trait Anxiety
Inventory (STAI-T) [34] . STAI is the most widely used self-report measure of anxiety and has been validated across gender and ethnic groups [35] . While state anxiety refers the emotional responses when confronted with speci c threatening events and can, no doubt be viewed as a measure of "fear", trait anxiety can be de ned as feelings of tension, apprehension, worry, and discomfort experienced across various situations, and so can be viewed as a marker of sustained fear.
We In this study, the trait-anxiety subscale of STAI showed excellent internal consistency (α = 0.90).
Procedure
The work described here has been carried out 
Statistical analyses
Data were analyzed using IBM SPSS Statistics 20 [37] . An α-level of 0.05 was considered to be significant, using Bonferroni correction for multiple statistical tests. 
Results
Descriptive statistics and reliabilities of the measures used in the study are shown in Results of the multiple mediations are presented in Table 2 and Figure 1 . First, we calculated total, direct, and total indirect e ects (Table 2) .
Paths A and B in Figure 1 indicate that greater perceived stress was related to a greater use of self-blame and rumination, and a lesser use of positive reappraisal, which in turn were associated with higher levels of anxiety.
In the case of the fourth significant mediation e ect, ndings revealed that a higher level of perceived stress was related to a lower use of putting into perspective. Lower levels of putting into perspective were in turn associated with higher levels of anxiety.
Greater perceived stress was also related to a greater use of catastrophizing and a lesser use of refocus on planning and positive refocusing.
These cognitive emotion regulation strategies did not, however, mediate the relationship between perceived stress and anxiety.
Discussion and conclusion
Results from various lines of research revealed that stress strongly impacts brain functioning by promoting a shift from flexible, "cognitive" to rather rigid "habit" systems, which might be generally adaptive in response to a physical threat, by leading to rapid threat evaluation and the activation of the "fight or flight" response, a strong stress-related memory formation relevant to the learning context [43] , and an avoidance of hesitation and delay. The costs are decreased flexibility and outcome evaluation, a lack of explicit knowledge, and poorly integrated memory contents. These ancient strategies of response to physical threats might be inappropriate when confronting psychological threats and the challenges of modern life, and might lead to psychopathology [1, 43] . For example, the shift from declarative to procedural memory systems under trauma has been considered to be responsible for intrusions and the perception of a present threat in post-traumatic stress disorder [44] . In panic disorder, enhanced contextual learning and reduced awareness of outcomes (i.e. the failure of integrating the experience, that the predicted negative outcome has not occurred) might also be due to stress-dependent shift between memory systems [43] .
The question arises whether stress-induced changes in the cognitive regulation of emotions also exhibit this shift from exible strategies involving executive functions and the activation of the prefrontal cortex to more in exible
processes, and what we can say about the role this shift plays in the success or failure of adaptation.
To our knowledge, this study is the first to investigate the role of various cognitive emotion regulation strategies in the wellestablished relationship between perceived stress and negative emotion using the multiple mediator approach. we were not able to replicate these findings.
This was probably due to lower statistical power in relation to sample size.
Results of the multiple mediation analysis indicated that cognitive emotion regulation strategies, both in combination and individually, mediate the e ect of perceived stress on anxiety. About 22% of the total effect of perceived stress on anxiety was explained by the nine mediators taken together. However, the signi cance of both the direct and the indirect effects suggests partial mediation. In the multivariate analysis, age and gender were not significant predictors of anxiety.
When examining the role of specific [8], suggesting that these strategies cannot be characterized as executive or non-executive strategies.
A major limitation of this study was its crosssectional setting, which did not permit causal conclusions. It seems plausible to assume that the relationship between stress-perception and negative emotion is bidirectional; increased perceived stress leads (partially through changes in cognitive emotion regulation) to higher levels of anxiety, which in turn causes differences in stress-perception. The e ect of chronic stress on executive functions and on the underlying neural activity has been shown to be reversible [48] .
In line with this, previous research revealed that psychotherapy can lead to alterations in fronto-limbic activity in anxiety disorders [e.g.
49]
; however, there is a lack of knowledge regarding the mechanisms of this effect.
Our results suggest that specific therapeutic 
